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Abstract
The proliferation of inexpensive sensors and devices capable of inter-device communication is hastening the implementation of 
smart technology for current and future generations of vehicles nationwide.The introduction of this technology promises to enhance 
safety, reduce accidents, increase fuel efficiency, and perhaps enhance traveler experience. The challenge associated with 
transitioning to and implementing various smart technologies is to ensure that driver, passenger, and pedestrian safety are not 
compromised. At Idaho National Laboratory (INL), human factors engineering (HFE) staff participates in the evaluation of 
technology for fleet operations, including review of fuel efficiency, enhancement and driver performance, and assists in the testing of 
prototype buses with advanced systems.One of the potential applications of smart technology lies in the development of an 
interoperable wireless communications network among vehicles.INL uses HFE expertise in conjunction with fleet operations and 
Mission Support Services expertise to guide the introduction and implementation of vehicle to vehicle and vehicle to infrastructure 
communications and to support interactions with stakeholders including Cooperative Research and Development Agreement
partners.To our knowledge, our approach integrating HFE and fleet operations is unique within the Department of Energy
complex.The Heavy Vehicle Simulator, located at the Center for Advanced Energy Studies, is used for design evaluation, and HFE 
supports the conduct of field tests involving bus drivers and supervisors. INL’s HFE group and fleet operations are partners involved 
in a number of collaborative initiatives to segue the Department of Energy’s largest motor coach fleet to the next generation of smart 
vehicles.This presentation reviews our approach, findings, and successes from two of the focus areas (predictive driver efficiency 
display prompting and vehicle prototype testing); discusses how HFE has been integrated in the planning and design review process 
for INL fleet operations; and highlights progress on connected vehicle research initiatives.
© 2015 The Authors.Published by Elsevier B.V.
Peer-review under responsibility of AHFE Conference.
Keywords:Human factors engineering integration;Heavy Vehicle Simulator (HVS); Efficiency prompting; Field test; Connected vehicles
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of AHFE Conference
1367 David I. Gertman et al. /  Procedia Manufacturing  3 ( 2015 )  1366 – 1373 
1. Introduction and background
Idaho National Laboratory (INL) has a strong focus on engineering and applied science. This focus has been used 
over the past 65 years to help reduce risks associated with research, design, development, and deployment of new 
concepts of national importance. With this legacy in mind, INL’s Mission Support Services Division deploys more 
than $150 million of transportation-related federal assets in partnership with industry and academia to ensure the 
United States’ energy security and improve the safety and reliability of America’s transportation infrastructure.
On March 22, 2015, the President signed an executive order calling for further reduction in greenhouse gas 
emissions for all Federal Agencies to extend nationwide [1].However, during the last decade, the U.S. Department 
of Transportation (USDOT), Department of Energy, and the automotive industry have been enacting initiatives to 
reduce fossil fuel emissions, enhance safety, and optimize transportation data collection with the objective to reduce 
commute time, decrease traffic congestion, increase road report accuracy and response time, identify commuter-
route information interaction strategies, and reduce accidents [2].
Complementary industry practices have sought to reduce fuel consumption through improved transmissions, 
advanced engine tuning, better aerodynamics, improved maintenance practices, use of light composite materials, and 
driver assist technology.These efforts have a payback in terms of better safety, reduced greenhouse gas emissions,
and reduced carbon.Industry and USDOT have achieved communications advances in safety warning, collision 
mitigation, lane deviation, parking assist, signal phasing, animal-highway warning systems, and traffic 
notification.As a relatively large fleet owner/operator, INL is concerned with continually improving safety and 
performance and is working on complementary strategies involving smart technology and advances in 
communication.
1.1. Background to INL fleet operations
INL maintains the largest motor coach fleet in the U.S.Department of Energy National Laboratory system 
comprised of over 100 coaches, 75 professional drivers, and a large number of miscellaneous heavy vehicles. Each 
day,over 3,000 employees are transported to and from the desert site and city locations. This daily transportation 
results in 2.8 million miles per year logged under mild to extreme weather conditions.INL maintains its own 
workshop with skilled technicians capable of making all bus repairs and installing and calibrating a wide variety 
ofsystems. With this infrastructure already in place, INL is using human factors engineering (HFE) in an integrated 
fashion to evaluate changes in technology and driver behavior that could be translated into fuel savings and attaining 
safety goals.
1.2. HFE integration
Driving to and from work is work performed within a sociotechnical system comprised of the technology, 
traveler/driver, environment, and rules of the road.Improper performance can result in any number of consequences 
from delayed arrival- to having an accident. For fleet operations, being fuel efficient or punctualat the expense of 
safety is simply not permitted. The bus driver is responsible for decisions and actions in real time, including 
strategies on how to respond to changes in elevation, road conditions, visibility, and wind.  
HFE is integrated in fleet operations in the following way.HFE staff attend bi-weekly Mission Support Services
operations meetings and work with fleet supervisors and shop supervisors in developing and instrumenting the large 
Heavy Vehicle Simulator (HVS), in the design of prototype bus studies, in the debrief of drivers, in display design, 
in data collection, and in the design of simulator studies.HFE experiments and ideas are expected to be relevant to 
fleet operations, and training and working with fleet schedulers and supervisors gives INL HFE staff access to end 
users (drivers) and the fleet that many researchers simply don’t have.
1.3. Background to connected vehicle research
The emphasis on HFE research has been accelerated by USDOT and auto industry interest in connected vehicles 
(CVs) as a means of enhancing national safety and fuel efficiency while reducing corridor congestion and emissions. 
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The CV Program at USDOT is a multimodal initiative to enable safe, interoperable, networked wireless 
communications among vehicles, infrastructure, and personal communications devices. USDOT is researching CVs
because of the potentially transformative capabilities of the technology to make surface transportation safer, smarter, 
and greener [3].
In order to be successful, CV applications will introduce changes in human performance and result in different 
human-system interactions and failure modes.USDOT has lead a number of research efforts with CVs, but most are 
focused on passenger vehicles and not on heavy vehicles such as motor coaches and snow plows. At the present 
time, heavy vehicles are our major focus. Collaboration efforts at INL include Virginia Commonwealth University, 
University of Missouri Columbia,the Idaho Transportation Department, and various technology vendors. Our testing 
of advanced systems on motor coaches has been assisted by Motor Coach Industries.
CV research with collision mitigation systems, roadside equipment, thermal road mapping, and Dedicated Short-
Range Communications is planned for early fiscal year 2016. INL’s initial vehicle studies with the HVS employed 
simulation focused on single vehicles with the intention to determine whether smart technology such as efficiency 
prompting, if proved successful, could then be applied fleet-wide. The phase of our research involvingvehicle to 
vehicle and vehicle to infrastructure communication will evaluate approaches for and address the utility of real time 
roadside weather information systems, thermal mapping, signal phasing and information uploading for plows, and 
aspects of convoy performance requirements.
2. Methods
INL studies are unique in that real drivers, real systems, real routes, and coaches used daily by fleet services are 
used in assessments and, ultimately, will be used to support future deployments. INL has controlled access roads 
leading to Idaho highways and, through fleet operations, considerable control and access to personnel.HFE staff, 
drivers, and technicians helped in the simulator build out, and an industry partner donated the bus cab that we 
used.The methods we have leveraged to date include simulator build out, predictive aiding testing, prototype bus 
testing, surveys and debriefs, and Cooperative Research and Development Agreement (CRADA) tasking.
The HVS resides at the Center for Advanced Energy Studies. The simulatorhas the footprint of the front of 
amodern motor coach, with a full interior cab environment matching that of one of INL’s current motor coaches. 
The HVS predecessor simulator in Fig. 1(a) employed three 37-inch screens aligned horizontally and a common 
racing set-up used by gamers consisting of a force-feedback G-27 Logitech wheel/pedals/shifter and a racing style 
adjustable seat. While this prototype simulator suffices for general populations and novice drivers, expert drivers 
that spend hours a day driving require a simulator with much higher ecological validity.Fig. 1(b) presents the current 
simulator, HVS #2, which, in 2014, replaced HVS #1. 
Fig. 1.(a) Heavy Vehicle Simulator 1- HVS #1; (b)Heavy Vehicles Simulator 2 - HVS #2.
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HVS #2 has a number of desirable features. A ceiling mounted high definition rear screen projection system is 
employed. A unique feature of this simulator is that the entire front windscreen was manufactured to display a 110-
inch picture customized to fit the viewpoint corresponding to the driver’s seat. The interior of the cabin is a one-to-
one representation of the interior of INL fleet coaches. The National Advanced Driving Simulatorsoftware 
developed by the University of Iowa is used to create the environmental conditions and obstacles that contribute to
the realism of the simulator. NADS possesses characteristics such as ability to support perception of objects, 
distance and motion; control of the vehicle speed and heading through the steering wheel, brakes and gas, and 
overall response to control input. in [ 4 ].A powerful GEFORCE GXR 80 graphics card is used to drive the large 
display. The addition of two peripheral monitors is inprogress to provide the operator with a 180° viewing angle 
when facing forward. Tactile feedback derived from low frequency audio input is delivered through a magnetic 
piston to provide enhanced environmental feedback. A digital dash delivers flexibility in creating and testing new 
driver displays.
The first simulator was somewhat primitive but helped to support the design development and test of the 
predictive aiding systems, the results of which are presented in this paper.The second, the new HVS #2, will be used 
to design and test new human factors display concepts for vehicle to vehicle communications: collision mitigation, 
drift from lane center, ananimal warning system, and presentation of driver weather and road condition 
information.Road condition information will be gathered from mobile sensors located on the bus. Plans include 
testing/simulating vehicle to infrastructure communication from fixed sensor placements on the INL site. The HVS 
is capable of replicating almost all weather and corresponding road surface conditions, traffic density, traffic 
behavior, time of day, topographical details and elevation changes.
2.1. Efficiency prompting field test
In 2011, INL analysis of fleet fuel consumption patterns revealed that depending on the driver patterns, the 
efficiency of the same bus traveling the same route could fluctuate up to 30%. This level of fluctuation inspired INL 
Mission Support Services to team with HFE and U of Idaho to devise a strategy for providing operators with a tool 
to optimize fuel efficient driving patterns and reduce the large variance among drivers.Because proactive actions are 
more effective than reactive actions, predictive aiding was selected as the approach to enhancingdriver and fuel 
efficiency and uniformity.   In terms of display design, when the task to be performed is enhanced when the driver 
anticipates a future state, and when prediction of those states is reasonably accurate, the display should indicate 
those states. [5]We refer to this support as predictive aiding, that is,presenting the driver with upcoming changes in 
the status of road conditions warranting corresponding changes in vehicle speed. 
A common area network bus that is standard equipment for most automotive vehicles is used to provide real-time 
engine informationwhich is then compared to an underlying historical performance model of driver and fuel 
efficiency. Results of that comparison are used to drive the fuel efficiency prompting displayin Figure 2.[6]. The 
Fig.2.Efficiency prompting display.
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underlying efficiency model includes engine dynamics, fuel efficiency, and global positioning systems - GPS 
information. The drivers view the optimal calculated speed and current speeds and alter their speed to match the 
target speed presented on the display.
The Wijayasekara et al.[5] display resemblesa typical speedometer found in any vehicle. The difference being a 
greyed area representing the difference between the driver’s current speed and the speed needed to achieve higher 
fuel efficiency.To further simplify instruction, the speedometer backlight would glow green if the operator needed to 
increase speed, red if they needed to decrease speed, and no added color would glow if the operator was within the 
ideal parameters already.
Fig. 3 presents findings for INL drivers driving a 12 kilometer (7.5 miles) route on INL site roads. The same 
model bus was driven and all drivers were tested on the same route for prompted and unprompted conditions. All 
drivers received training for the efficiency display in the HVS.  The route they drove was part of the normal site 
route. The green line represents the optimal driver mpg, the red line performance prompted mpg, and the blue line 
unprompted mpg. Site drivers participated in all conditions. The average fuel efficiency difference between 
unprompted performance and prompted performance was on the order of 21%. The difference between the optimal 
case and unprompted performance was 30%.There is a trend for a change in prompted driver efficiency from 
optimal as the distance increased. It may be that at 7000 meters, when responding to change in elevation, drivers 
reverted to well-rehearsed driving patterns that caused them to deviate from following the optimal prompted model
as closely as before. During debrief drivers reported believing that their driving performance was consistent 
throughout the route. In spite of this deviation, overall driver performance in the prompted condition was clearly 
improved over baseline.  Testing with additional drivers is planned in order to refine the underlying model and 
results.
2.1.1. Prototype systems field test.
Whereas the HVS can be used to evaluate human factors display concepts, coach prototypes being tested at INL 
represent a higher technical readiness level.  Prototype coaches have all the basic features of the current INL bus 
fleet with the exception that the prototypes contain systems which the industry partner is currently considering to 
make available to its customers. Generally, these “improvements” are being considered for their potential to meet 
objectives for customer comfort, safety, and efficiency, including reduced maintenance costs. INL Fleet Operations 
maintains a close relationship with their industry motor coach supplier, and as a result, we have begun testing, 
evaluating, and reporting findings associated with prototype bus testing. To date, two prototypes have undergone 
evaluations and testing while a third is scheduled for testing later in 2015. The evaluation content ultimately depends 
on the request of the vendor but has included mechanical inspections such as maintainability of electrical and air
Fig.3.Efficiency aiding results.
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systems, tire wear, fuel efficiency, frame inspections, and brake wear. HFE evaluations are carried out using 
questionnaires filled out by site drivers after driving the prototype on typical site routes. The questionnaires target 
subjects such as steering/handling, suspension, transmission, comfort/ergonomics, and specialty categories to target 
specific, new, in-cab technology with potential impacts on driver performance.
2.1.2. HFEevaluation.
HFE evaluation employs two subjective methods: a Likert Scale (1–10, 10 being “strongly agree”) rating system 
and an open comment, qualitative assessment section. See Fig.4 for demographic information.Survey measures and 
qualitative responses were collected across the same questionnaire consisting of 11 subcategories. Each category 
used three to 11 targeted questions (e.g., did the brakes grab, were the brakes noisy for the “Steering and Handling”
category) to determine what did and did not contribute to the improvement of the motor coach. Drivers provided 
their Likert rating to each question along with comments detailing their experience with that same particular aspect 
of the motor coach. 
Five factors separated the different test conditions and characteristics for identifying prototype function and 
included: route type (in town/site/shuttle), traffic density, road condition, wind direction 
(headwind/tailwind/crosswind/none), and time of day. When filling out the 10-point Likert scale, drivers were 
instructed to evaluate the prototype as it compared to the current site model coach. When evaluating items in the 
prototype that are not available in the current coaches, drivers provided an approval rating using the same 10 point 
scale (1–10, 10 being most positive)
2.1.3. Response categories
When responding to the survey, drivers evaluated steering/handling, suspension, transmission, ergonomics, and a 
prototype adaptive cruise control.These categories were represented by the following subcategories:
x Brake system performance
x Steering wheel comfort
x Shifting
x Bus kneeling performance 
x Brake noise 
x Turning radius
x Gear transition
x Driver comfort
x Passenger comfort
x Engine brake system performance
x Component rattling
Findings from these tests are limited in terms of their reporting; however, the survey and interview are considered 
highly valuable by our industry partner.
2.1.4. CRADA experience 
INL recently initiated a CRADA with the Idaho Transportation Department and industry whose focus is on a 
number of issues, includingvehicle to vehicle and vehicle to infrastructure communication for heavy vehicles.This 
work is underway and includes instrumenting vehicles and conducting tests on INL site roads and the Idaho 
highway.The initial focus vehicles are motor coaches and snow plows.A number of times per year, Idaho 
experiences limited visibility conditions and real time weather information can be vital. Real time weather data will 
be taken from fixed pavement and mobile weather sensors.Uploading real time weather information from plows 
with 511 weather information services is an early effort that will be followed by signal phasing, vehicle platooning,
and infrastructure communication.To date, the effort has led to instrumenting and testing coaches with Dedicated 
Short-Range Communications and other on board equipment.HFE functions include display design, ergonomics, 
field tests of prototype systems, driver situation awareness evaluation, and ergonomics for visual and auditory 
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access.For example, driver response to snow plow parameter information displayed, such as snow density, road 
conditions, grade,elevation, and surface temperature, will be assessed.
3. Discussion
It is our experience that the HFE contribution to design and field test has been beneficial to fleet operations in
terms of safety, efficiency, and driver participation.Data trends presented in this study suggest that well-designed 
efficiency prompting displays involvingthe participation of HFE, fleet operations, and bus drivers has the potential 
to reduce greenhouse gases and carbon emissions nationwide. These reductions are an important component of INL 
site-wide efficiency initiatives. 
The development of HVS - #2, high fidelity heavy vehicle simulator, is proving to be beneficial to analyzing
display trade-offs, characterizing driver response to efficiency prompting, and providing an adjunct to training. 
Numerous display formats iterations involving driver feedback and insight were needed before the final display 
concept presented in this paper was determined. If there is a success here, it is a product of end-user participation.
Field testing systems with promising technology for site and commercial industry was also conducted.  Field 
testing has the advantage of validating whether systems and concepts developed in the laboratory can be made to
work in the real world. The testing was performed using a bus with prototype systems that was driven on existing 
site routes. The use of certified site mechanics and professional drivers was a great aid in evaluating future 
acceptance and effectiveness. Also, fleet operations valued HFE survey and debrief as complementary tools to 
physical systems test. HFE will be a part of any fleet operations large scale technology deployment at our site as 
INL makes progress toward establishing a national transportation test range.
CRADA has turned out to be a highly effective means to leverage state and industry experience and resources for 
initial design, development, and testing.We perform prototype testing, large scale deployments will, no doubt, come 
with their own set of challenges. We look to state Departments of Transportation with experience in rolling out 
technology. Regarding smart technology in general, to paraphrase Tom Sheridan: as technology bandwidth 
increases, we expect improved decision making and human performance. However, as information abundance and 
information velocity increase, human information processing capability remains the same [6]. The issue is not 
whether smartapps can be developed, but whether they will be beneficial as opposed to producing information 
overload and compromising driver situation awareness.
Disclaimer
This information was prepared as an account of work sponsored by an agency of the U.S. Government. Neither 
the U.S. Government nor any agency thereof, nor any of their employees, makes any warranty, expressed or implied, 
or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness, of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. 
References herein to any specific commercial product, process, or service by trade name, trade mark, manufacturer, 
or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the U.S. 
Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the U.S. Government or any agency thereof.
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